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Abstract
Background: Ongoing pain is one of the most common diseases and has major physical, psychological, social, and economic
impacts. A mobile health intervention utilizing a fully automated text-based health care chatbot (TBHC) may offer an innovative
way not only to deliver coping strategies and psychoeducation for pain management but also to build a working alliance between
a participant and the TBHC.
Objective: The objectives of this study are twofold: (1) to describe the design and implementation to promote the chatbot
painSELfMAnagement (SELMA), a 2-month smartphone-based cognitive behavior therapy (CBT) TBHC intervention for pain
self-management in patients with ongoing or cyclic pain, and (2) to present findings from a pilot randomized controlled trial, in
which effectiveness, influence of intention to change behavior, pain duration, working alliance, acceptance, and adherence were
evaluated.
Methods: Participants were recruited online and in collaboration with pain experts, and were randomized to interact with
SELMA for 8 weeks either every day or every other day concerning CBT-based pain management (n=59), or weekly concerning
content not related to pain management (n=43). Pain-related impairment (primary outcome), general well-being, pain intensity,
and the bond scale of working alliance were measured at baseline and postintervention. Intention to change behavior and pain
duration were measured at baseline only, and acceptance postintervention was assessed via self-reporting instruments. Adherence
was assessed via usage data.
Results: From May 2018 to August 2018, 311 adults downloaded the SELMA app, 102 of whom consented to participate and
met the inclusion criteria. The average age of the women (88/102, 86.4%) and men (14/102, 13.6%) participating was 43.7 (SD
12.7) years. Baseline group comparison did not differ with respect to any demographic or clinical variable. The intervention group
reported no significant change in pain-related impairment (P=.68) compared to the control group postintervention. The intention
to change behavior was positively related to pain-related impairment (P=.01) and pain intensity (P=.01). Working alliance with
the TBHC SELMA was comparable to that obtained in guided internet therapies with human coaches. Participants enjoyed using
the app, perceiving it as useful and easy to use. Participants of the intervention group replied with an average answer ratio of 0.71
(SD 0.20) to 200 (SD 58.45) conversations initiated by SELMA. Participants’ comments revealed an appreciation of the empathic
and responsible interaction with the TBHC SELMA. A main criticism was that there was no option to enter free text for the
patients’ own comments.
Conclusions: SELMA is feasible, as revealed mainly by positive feedback and valuable suggestions for future revisions. For
example, the participants’ intention to change behavior or a more homogenous sample (eg, with a specific type of chronic pain)
should be considered in further tailoring of SELMA.
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Introduction
Chronic pain is a widespread medical condition associated with
significant negative social, physical, mental, and economic
impacts [1]. The prevalence of chronic pain in Europe is
estimated between 10% and 30% [2] and approximately 30%
for the US population [3]. In terms of economic impact, costs
associated with chronic pain in Germany were estimated to
reach 29 billion EUR in 2003, with absence from work due to
pain estimated at a total of 14.5 million days per year [4].
Current psychological approaches to the management of chronic
pain include interventions that aim to achieve increased
self-management, behavior change, and cognitive change rather
than cure of the pain itself [5]. Cognitive behavioral therapy
(CBT) has proven to be effective and is considered the standard
therapy in chronic pain treatment [6-9]. The main focus of CBT
is to establish new or enhance existing coping strategies in pain
management to change negative and dysfunctional cognitions,
emotions, and behavior [5,10]. As part of CBT, psychoeducation
shows positive therapeutic effects and can effectively counter
the process of chronification [11,12]. Psychoeducation increases
patients’ understanding of their condition, thereby improving
compliance and helping patients to better cope with the disease.
Despite agreement on a multimodal therapy approach, according
to a World Health Organization (WHO) study [13], CBT is
typically not sufficiently applied and many patients do not
receive CBT as part of multimodal therapy. These gaps are
mainly attributed to the lack of therapists’ familiarity with
elements of CBT, the lack of qualified providers, or that the
only available providers are located too far away for on-site
consultation hours. Further barriers include lack of time,
insufficient financial resources, and misunderstanding of
patients’ roles in their pain management [14]. Research has
shown that some patients are not successful in learning new
coping strategies [15,16] and remain skeptical about
implementing psychological strategies.
Technology-based interventions for the management of chronic
pain are becoming more popular [7,14,17], offering a potential
solution to overcome these barriers to treatment because they
are easily accessible and cost-effective. Further advantages of
technology-based interventions include less waiting time,
anonymity, and flexibility in terms of time and location of use
[18,19]. These interventions are ubiquitous, with increasingly
powerful technical abilities and wide acceptability [20].
In this context, so-called conversational agents (ie, computer
programs that imitate communication with humans) with a
health focus have recently gained interest in academia and
industry, with promising results related to acceptance [21] and
working alliance [22]. Working alliance refers to the extent to
which a therapist and client build an attachment bond and
interact with each other to achieve a shared understanding of
therapeutic goals and tasks [23], which has been robustly linked
to treatment success in both face-to-face and guided web-based
programs [24-27]. However, computers, provided that they offer
basic human cues (eg, speech output or a human-like
embodiment), are perceived as social actors [28]. The concept
of working alliance can be adopted to the patterns of interaction
between the participant and conversational agent (eg, quality
and length of messages, frequency of interaction). If the
conversational agent takes the role of a communication partner
and embodies a digital coach, the communication style will
affect the process of relationship building and hence treatment
success [22,29]. Indeed, evidence from longitudinal studies
suggests that a working alliance can also be established with
conversational agents [22,30]. With the help of conversational
agents, interventions can be applied in a more natural and
interactive way [31,32]. Digital health interventions delivered
via text messages on smartphones have the potential to support
patients in their everyday life, as they are cheap, fast,
democratic, and popular [33]. A recent meta-analysis showed
the effectiveness of conversational agents in 19 clinical and
nonclinical randomized controlled trials [34].
However, there is only limited evidence on chronic pain
management interventions delivered by smartphone-based
conversational agents. Shamekhi et al [35] demonstrated that a
home-based conversational agent can be effective when used
in conjunction with medical group visits in promoting stress
management techniques. However, to the best of our knowledge,
no study has investigated the effectiveness of a
smartphone-based conversational agent as a stand-alone
intervention.
Consequently, we developed painSELfMAnagement (SELMA)
as a text-based health care chatbot (TBHC) for the
self-management of chronic pain. A TBHC is a conversational
agent that supports health professionals in the delivery of
evidence-based interventions in a ubiquitous and fully automated
fashion with simple text-based messages and media objects (eg,
videos, podcasts). A TBHC aims to deliver the treatment and
to increase working alliance by communicating therapeutic
goals and tasks in an empathetic way [36,37].
Against this background, we here describe the design and
implementation of SELMA, an 8-week smartphone-based TBHC
intervention for self-management of pain by patients with
ongoing or cyclic pain, and present findings from a pilot
randomized controlled trial, in which effectiveness, acceptance,
and adherence were evaluated.
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Methods
Intervention
Overview
The pain self-management coach is implemented as a TBHC
named SELMA, which is represented by a drawn image of a
face and acts as a guide through the CBT lesson materials.
SELMA is displayed via text messages, and complemented
introductions and elaborations about the material based on
previous answer options and themes of particular interest to the
participant. First, SELMA delivers psychoeducation from day
1 to 21 in 7 daily or other daily text message sequences that
follow the same structure: initial greeting, psychoeducational
input, main lesson, and goodbye. Psychoeducation enhances
peoples’ understanding of their disease while reducing insecurity
and feelings of fear. This approach further creates transparency
and reduces stereotypes against a biopsychosocial pain therapy,
while strengthening therapy motivation and self-help potential
[38]. From the period of day 22 until the end, SELMA delivers
CBT intervention modules addressing coping strategies, along
with dysfunctional cognitions and emotions that follow the same
structure: initial greeting, introduction, main lesson, guidance
through an exercise, goodbye. Coping strategies empower
participants to take over an active role in their pain management,
enabling them to control pain by analyzing and adapting their
behavior, emotions, and cognitions [39]. Depending on whether
or not a message sequence involves an exercise, it takes about
5 to 30 minutes to complete. Each of the 18 intervention
modules consists of 2 to 4 message sequences (see Figure 1).
Figure 1. Overview of the intervention schedule. Note: One message sequence (MS) contains approximately 15 conversational turns and takes about
5 to 20 minutes to complete, depending on whether or not an exercise is involved.
Content Design and Schedule
The program starts with the onboarding process, an introductory
process in which the TBHC SELMA introduces herself as a
digital coach for pain self-management. SELMA provides an
overview of the intervention schedule, mentions the importance
of applying psychological therapy, and the importance of
diagnostics in pain management. Participants are also informed
that the program should not be used as a replacement for
standard therapy and urges users to make an emergency call if
necessary. During the first week, participants learn about the
utility of a pain diary and are instructed to apply it over the
following 2 weeks. In parallel, and until the end of week 3,
SELMA provides information on psychoeducation based on
the participants’ input with regard to pain intensity and duration.
SELMA explains the link between chronic pain, cognition,
emotions, social impacts, and the process of chronification.
During weeks 4 to 8, SELMA offers various intervention
modules. Based on the participants’ interest, they are able to
select among 6 modules that either address dysfunctional
cognitions, behavior, and emotions (eg, stress, fear of pain,
anxiety) or various coping strategies (eg, activity, resources,
mindfulness, acceptance). For example, the module about
dysfunctional behavior covers avoidance of activity. It explains
the link between avoiding activity and pain, and SELMA
motivates participants to start physical activity and reminds
them to keep their own level of proficiency in mind. By contrast,
the module mindfulness, a coping strategy module, briefly
explains the concept of mindfulness and provides users with a
mindfulness exercise. Specifically, SELMA instructs participants
on how to integrate mindfulness into their daily routine and
provides users with a relaxation exercise. Figure 1 shows an
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overview of the intervention schedule, and Multimedia
Appendix 1 provides an overview of the weekly core themes
and tasks to complete (including 19 references [10,38-55]). The
program closes with a brief summary and farewell. All content
is delivered via text messages, video clips, audio clips, figures,
and PDF worksheets.
Technical Concept
Technically, SELMA was developed with MobileCoach [56],
an open-source software platform for the design and evaluation
of mobile TBHCs [31,55]. This platform allows the intervention
authors to design (fully automated and script-based) digital
health interventions consistent with the talk-and-tools paradigm
[57]. That is, SELMA offers a simple chat-based interface with
predefined answer options that can be used to communicate
with participants in (the “talk”). To build up a social relationship
[28] and working alliance [22] with participants, the linguistic
style of SELMA was based on the assumption that interpersonal
closeness is positively related to the attachment bond between
the patient and chatbot [25,58,59]. The conversational style of
SELMA is likely to affect relationship-building processes
[30,60], and imitates a real human chat-based conversation by
using emojis and some sense of humor. Supportive computer
agents have been perceived positively [61-63]. SELMA
expresses sympathy and affective empathy [64], and places
emphasis on the participants’ achieved tasks. This approach is
based on social support [65,66] and aims for a supportive style
of coaching. To engage participants further, SELMA sends out
personalized text messages every day or every other day to
initiate a conversation.
Message Structure and Reminders
Daily conversations are structured as a sequence of
approximately 10 to 15 messages sent by SELMA, and
approximately 5 to 10 replies are expected from the participants.
SELMA is always initiating a conversational turn. Every text
message sent by SELMA is also a notification. If the SELMA
app is closed and SELMA sends a message, then a notification
will always be triggered. These notifications are sticky, meaning
that they are displayed in the notification dashboard and thus
act as reminders. If the app is already opened, then no additional
notification is triggered. To reduce the burden of the
intervention, no additional reminders were used (eg, text
message). In addition, if the app is closed and the push
notifications are not clicked or if the app is not running in the
foreground but no answer is provided (usually for 48 hours),
then SELMA starts with the next message sequence. Even if
participants forget to open the app or read messages (not clicking
the push notification or not clicking answer options), SELMA
displays the missed messages, together with the next message
sequence. This mechanism ensures that participants can read
all messages from SELMA, including missed messages, by
simply scrolling back. Moreover, this approach is consistent
with prior work [37,67,68]. To ensure completion of the
questionnaire, every question displayed on one screen had to
be completed; otherwise, participants were unable to proceed.
Participants were excluded from the analyses if questionnaires
were not completed.
Implementation
Each message sequence begins with a warm greeting, in which
the chatbot enquires about the participant’s mood and replies
in an empathic way (eg, “Welcome back dear [$nickname]. It’s
nice to have you with me today.”) [69]. Multimedia Appendix
2 shows examples of the sympathetic and affective empathy
elements of conversation. To support establishment of a working
alliance, user engagement, and motivation, SELMA addresses
participants’ accountability by referring to earlier tasks and
activities (eg, “Welcome back to the coaching! Were you able
to relax yesterday?”); she supports the completion of activities
and tasks (eg, “Hi [$nickname]. How is it going with practicing
your exercises?”), and motivates participants to repeat them
(eg, “How did you manage the exercise, perhaps you can repeat
it before the next time we meet?”).
In addition to this chat-based messaging interface, “tools” are
provided that support the delivery of the intervention content.
For example, SELMA offers audio clips or video clips from
within the chat-based interface. Figure 2 provides a
representative example of an interaction with SELMA and
further examples are shown in Multimedia Appendix 3.
Based on intervention rules, SELMA sends out automated
messages containing intervention content or questions to the
mobile (iOS or Android) apps of the participants. Based on
answers given to predefined answer options (eg, from a
multiple-choice question on coping strategies), free text input
(eg, a question asking for the participant’s nickname), or number
input fields (eg, a question asking the participant’s age),
participants are guided through the program as outlined in
Multimedia Appendix 1 and Figure 1. Some screening questions
are embedded as specific focal points to determine routing to
different conversational paths. The path parameters therefore
change over the course of the program, depending on the user’s
input about prior knowledge and interest (pain intensity, pain
duration, and preferred intervention modules); see Table 1 for
an overview. Predefined answer options were predominantly
used to assure reproducibility of the intervention. That is,
automated interpretation of free-text input would result in
uncertainty by triggering follow-up intervention content. From
an ethical viewpoint, this was not intended. To ensure the
continuance of the program and to guide those who do not want
to actively choose a module (coping strategies or dysfunctional
cognitions are focal points), the system displays default modules.
SELMA informs participants when a module is finished, and
the following day or the day after, she sends out an overview
on completed modules and displays all modules for selection.
The video clip in Multimedia Appendix 4 demonstrates a sample
conversation.
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Figure 2. Chat-based interaction with predefined answer options (bright blue, left) and multimedia content (bright blue, right); for further examples,
see Multimedia Appendix 3.
Table 1. Information gathered during the intervention.
Input optionInformation gathered
Onboarding
Free text inputName
Male/femaleGender
Free number inputAge
5.00-20.00 h, every full hourTime of contact
Day 1 to 20
1 to 3, 4 to 7, more than 7 (3 groups)Pain intensity (1 to 10)
Up to 2 years, more than 2 years (2 groups)Pain duration (2 months to >5 years)
Day 20 to 57
Choice of 7 modules (to choose a total of 3)Interest in dysfunctional cognitions
Choice of 11 modules (to choose a total of 3)Interest in coping strategies
Day 57
Free-text inputAppealing aspects
Free-text inputAspects for improvement
Assessment of the SELMA Intervention
We conducted a randomized controlled pilot trial to assess the
SELMA intervention. The clinical trial was approved by the
Cantonal Ethics Committee of Zurich (KEK-ZH study protocol
identifier Nr. 2017-02136) and was registered at the Swiss
National Clinical Trial Portal (SNCTP000002712) and the
WHO-accredited German Clinical Trials Register
(DRKS00017147). Data protection requirements were fulfilled
according to the KEK-ZH.
Sample Size Calculation
We estimated the sample size based on the primary outcome
(pain-related impairment) for a linear mixed model (LMM) and
on the basis of a repeated-measures analysis of variance
(ANOVA). Consistent with previous studies [70-72], we
assumed a small to medium effect size for the primary outcome,
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pain-related impairment. Statistical power calculation using
G*Power3 software [73] revealed that a sample size of 68 would
be sufficient with a power of .80 to detect a small to medium
time-by-group interaction effect (Cohen d=0.35) for pain-related
impairment with an alpha of .05 by applying a
repeated-measures ANOVA (within-between interaction). To
ensure a sufficient number of participants, we aimed for
approximately 115 individuals with ongoing or cyclic pain.
Recruitment
Recruitment was carried out from March 2018 to August 2018
in the German-speaking part of Switzerland. We recruited
potential participants by flyers posted on social media websites
(Facebook, Twitter), pain-related websites and forums
(SchmerzLOS e.V. [74], MyHandicap [75], Paincompanion
[76]) or via the project webpage (Multimedia Appendix 5). We
further asked some pain therapists, physiotherapists, and
osteopathy therapists in the agglomeration of Zug (Switzerland)
to publish a flyer in their waiting rooms (Multimedia Appendix
6). Interested individuals were directed to the project website
containing information about the study, participation, and
registration. During the subject acquisition phase, individuals
were able to download the app via the project webpage or
directly via App Store or Google Play Store.
Inclusion Criteria, Informed Consent, and Intervention
Process
Because of the exploratory nature of this study and to reach a
sufficient sample size, we did not focus on a particular type of
pain but rather included anyone suffering from ongoing pain.
Inclusion criteria were checked from within the mobile SELMA
app after the download and included: age (>18 years), language
(German-speaking), owning a smartphone with internet access,
pain duration (a minimum of 2 months of ongoing or cyclic
pain), and not suffering from an acute mental crisis. Electronic
informed consent was obtained from all participants who
fulfilled the inclusion criteria (T0 screening), and these
confirmed individuals were then guided to the baseline screening
(T1). All screenings were carried out in the app’s inbuilt
assessment questionnaire via LimeSurvey (V3.4, LimeSurvey
Project, Hamburg, Germany). After completion of the
screenings, participants were automatically randomized by the
MobileCoach system to either the intervention or control group.
After the 8-week intervention, the follow-up screening (T2) was
conducted with the app’s inbuilt questionnaire. Individuals from
the control group were informed of their group allocation and
were offered participation in the program after the waiting time.
These users received motivational messages with a quotation
every week, which only involved content unrelated to chronic
pain (Multimedia Appendix 7). The postintervention screening
was conducted after the 8-week waiting time within the app.
Measures
Primary Outcome: Pain-Related Impairment
An overview of the measures and time points of measurement
are outlined in Multimedia Appendix 8.
We measured the primary outcome at baseline and
postintervention using a 7-item subscale of the German version
of the validated Brief Pain Inventory (BPI) [77]. On a numeric
scale from 0 (no impairment at all) to 10 (greatest impairment),
impairments in a person’s everyday life (eg, activity, work,
relations) are quantified. We calculated the grand mean to
determine the level of pain-related impairment.
Secondary Outcomes
Chronic Pain
To measure the dimension chronic pain intensity at baseline
and postintervention, we used the self-reported mixed scale
from the German Pain Questionnaire [78] with a visual rating
scale ranging from 0 (no pain) to 10 (strongest imaginable pain),
measuring current, average over the last 4 weeks, and highest
pain intensity. The grand mean was used for calculating the
average intensity of chronic pain. In addition, the duration of
chronic pain was measured with a 5-scale item from “2 to 6
months” up to “more than 5 years” [78]. We assessed the type
of pain by a choice from predefined multiple-answer options:
back pain, headache, facial pain, toothache, extremity pain,
pelvic pain, chest pain, joint pain, tumor pain, neuralgia,
whole-body pain, don’t know, other. Finally, we measured the
cause of pain by the following predefined multiple-answer
options: accident, surgery, inflammation, physical overload,
disease, tumor, physical decline, stress, psychological strain,
don’t know, other.
General Well-Being
We measured general well-being by the Marburger Screening
for Habitual Well-being (MFHW) [79], which is a 7-item
self-report questionnaire that can be scored on a 0 (not at all
applicable) to 5 (totally applicable) scale. The maximum score
yields 35 and means particularly good well-being. In this study,
we used the grand mean of the 7 items to determine general
well-being.
Intention of Behavior Change
To measure participants’ intention to change their behavior, we
analyzed the intention to change behavior according to the
Health Action Process (HAPA) [80], which differentiates three
stages of change: non-intenders, intenders, and actors.
Participants had to state whether they had recently been using
psychological techniques for pain treatment by choosing from
1 out of 5 possible answers (No – and I do not intend to do so,
No – but I’m considering it: nonintender; No – but I have the
intention to do so: intender; Yes – but it’s not easy, Yes – and
it’s easy: actors).
Working Alliance
We measured the working alliance between the participant and
the TBHC SELMA with a context-adapted German version of
the Working Alliance Inventory-Short Revised (WAI-SR) [81].
The WAI-SR consists of 3 dimensions targeting attachment
bond (eg, “SELMA and I respect each other”), goal agreement
(eg, “SELMA and I are working toward mutually agreed-upon
goals”), and task agreement (eg, “I believe that the approach to
working with my problem is correct”). Each subscale has 4
items with answer options ranging from never (1) to always (7).
The WAI-SR was employed at the end of the intervention to
assess the perceptions of the participating individuals with
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respect to SELMA over the course of the 8-week intervention.
In addition, and owing to the importance of first impressions
when interacting with a social actor (in this case SELMA), we
also used the attachment bond dimension during the baseline
questionnaire (ie, after SELMA has introduced herself on the
first day of conversational turns).
Acceptance
We assessed the acceptance of the SELMA app by applying
single-item measures from technology acceptance research
[82,83]. In particular, single-item measures for perceived
usefulness (“I think that this app is useful”), perceived ease of
use (“The app is easy to use”), and perceived enjoyment (“I
enjoyed using the app”), ranging from strongly disagree (1) to
strongly agree (7), were employed to reduce the burden of
participants. We also employed the net promoter score [84] to
assess patient experience and satisfaction with the SELMA
intervention (“How likely is it that you would recommend the
SELMA app to people with persistent or recurring pain?”),
ranging from not at all likely (0) to extremely likely (10). We
assessed the duration of the intervention by the following
question: “The duration of the intervention was:” with the
following answer options: “too short,” “just right,” “too long.”
The number of messages was assessed with the following
question and answer option: “The number of chat messages
was”: “too few,” just right,” “too many.” Finally, we assessed
the quality of the intervention content of a chat sequence with
the questions: “Was the content of the chat messages sufficient?”
and the answer options “not sufficient,” “just right,” “too
detailed.” The questions “What did you like most?” and “What
would you like to see improved?” could be answered with free
text. All of these measures were assessed at the end of the
intervention.
Adherence
Adherence was measured by the ratio of conversations replied
by participants and all conversations initiated by SELMA for
the intervention and control group separately. We also assessed
the relationship between the adherence ratios and study
outcomes by linear regression analysis for the intervention
group.
Finally, age, sex, and the highest level of education attained
were assessed at baseline to describe the population of
participants.
Data Analysis
Descriptive statistics were used to summarize the characteristics
of the intervention and control groups at baseline. To analyze
baseline differences for demographics, we applied t tests and
Chi-square tests. We used an independent t test to analyze the
bond scale of the WAI-SR for differences between groups. We
applied qualitative content analysis [85,86] for answers to open
questions (eg, suggestions for future improvements). In
particular, we explored answer text thematically with an
inductive approach by defining main themes and subthemes.
The frequencies of these themes were compiled in a thematic
map [87]. To analyze differences between groups for
pain-related impairment, pain intensity, and general well-being,
we used an LMM for all participants. The model was estimated
by time (T1/T2), intervention (intervene/wait), and the
interaction of time and intervention as fixed factors, and
participants as a random factor. We also tested the impact of
the participants’ intention to change their behavior as well as
the duration of pain using an LMM. The model was conducted
with a restricted maximum-likelihood approach and unstructured
covariance type. Missing values were replaced as missing at
random with the intention-to-treat analyses. We used an LMM
approach because of its ability to handle missing data and to
control for type 1 error in the case of incomplete or missing
data [88,89]. We calculated effect sizes for both groups
(intervene/wait) on the basis of a paired sample t test, which
compared the baseline and postintervention measures for
pain-related impairment, pain intensity, and general well-being.
We conducted an independent t test to compare adherence rates
between groups, and a linear regression analysis was used for
comparison of adherence rates and study outcomes. SPSS 25
(IBM Corp. Released 2017. IBM SPSS Statistics for Macintosh,
Version 25.0. Armonk, NY, USA) was used for all quantitative
analyses.
Deviations from the Study Protocol
Instead of 3 variables for primary outcome (pain-related
impairment, general well-being, pain intensity), we defined
pain-related impairment as the primary outcome.
Results
Overview of Participation
A total of 311 downloads were made between May 5 and August
12, 2018, from which 126 individuals completed the T0
screening (inclusion criteria and informed consent), 11 of whom
did not meet the criteria. The resultant sample of 115 started
the T1 screening, and 13 individuals discontinued at this stage.
After the onboarding process was completed, a total of 102
participants were randomized via MobileCoach automatically
into either the intervention (59/102, 57.8%) or control (43/102,
42.2%) group. The participant flow chart is shown in Figure 3.
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Figure 3. Participant flow chart. ITT: intention-to-treat.
As expected, the dropout rate during the onboarding process
was high. This can be explained by the fact that the app was
available for anyone in App Store (Apple) and Google Play
Store (Android). Some people might have downloaded the app
just out of curiosity and then deleted it soon after checking in.
The overall dropout rate between the baseline and follow-up
screening was 21/59 (36%) for the intervention group and 20/43
(47%) for the control group. We considered only participants
who did not complete the T2 screening as dropouts.
Demographics and Baseline Scores
The demographic information and baseline scores on clinical
variables for those who completed the baseline screening
(N=102) are shown in Table 2. Participants were on average
43.77 (SD 12.72) years old, 82/102 (80.4%) were female, and
44/102 (43.1%) had a university degree. Overall, 55/102 (53.9%)
of the participants had been suffering from pain for more than
5 years with a mean pain level of 5.61 (SD 1.66). Back pain
was the most prevalent pain type in both groups (55/102,
53.9%), followed by headache (42/102, 41.2%). Means for
pain-related impairment and for general well-being were 4.12
(SD 1.95) and 2.62 (SD 1.11), respectively. In terms of the
intention to change behavior, 63/102 (61.0%) of the participants
were classified as active, meaning they had been using
psychological techniques (relaxation, mental distraction,
mindfulness-based strategies, etc) recently, which were either
easy or hard for them to use.
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Table 2. Demographic and clinical variables of participants at baseline screening.
P valueIntervention (n=59)Control (n=43)Variable
.4642.97 (12.17)44.88 (13.50)Age (years), mean (SD)
.07Gender, n (%)
8 (14)12 (28)Male
51 (86)31 (72)Female
.18Education, n (%)
3 (5)5 (12)Obligatory/High school
19 (32)14 (32)Matriculation/A-Level
8 (14)9 (21)Higher vocational training
29 (49)15 (35)University
.69Duration of pain, n (%)
3 (5)4 (9)2 to 6 months
4 (7)2 (5)6 months to 1 year
9 (15)7 (16)1 to 2 years
11 (19)7 (16)2 to 5 years
32 (54)23 (54)Over 5 years
Pain type, n (%)a
.0936 (61)19 (44)Back pain
.7725 (42)17 (40)Headache
.5620 (34)17 (40)Extremities pain
.9719 (32)14 (33)Neuralgia
.0220 (34)6 (14)Joint pain
.209 (15)3 (7)Pelvic pain
.895 (9)4 (9)Whole-body pain
.693 (5)3 (7)Chest pain
.041 (2)5 (12)CRPSb
.304 (7)1 (2)Facial pain
.752 (3)1 (2)Unknown/other
Cause of pain, n (%)a
.0528 (48)12 (28)Overstraining
.0523 (39)9 (21)Stress
.4614 (24)13 (30)Accident
.6015 (25)9 (21)Illness/migraine
.0219 (32)5 (12)Degeneration
.6813 (22)8 (19)Surgery
.136 (10)9 (21)Inflammation
.869 (15)6 (14)Psychogenic
.226 (10)8 (19)Unknown/other
.693 (5)3 (7)Gynecological
.133 (5)0 (0)Genetic
Scale, mean (SD)
.714.06 (1.91)4.21 (2.00)Pain-related impairment (BPIc)
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P valueIntervention (n=59)Control (n=43)Variable
.565.52 (1.64)5.72 (1.71)Pain intensity (DSFd)
.832.61 (1.11)2.65 (1.12)General well-being (MFHWe)
.99Intention to change behavior, n (%)f
7 (12)6 (14)No, and I do not plan to
10 (17)8 (19)No, but I think about it
6 (10)2 (5)No, but I have the intention to
26 (44)18 (42)Yes, but it is hard
10 (17)9 (21)Yes, and it is easy
aNote that multiple selection was possible.
bCRPS: complex regional pain syndrome.
cBPI: Brief Pain Inventory.
dDSF: Deutscher Schmerzfragebogen (German Pain Survey).
eMFHW: Marbuger Fragebogen zum habituellen Wohlbefinden (Marburger Screening for Habitual Well-being).
fMeasured by the question: Have you recently used psychological techniques to treat your pain? This includes relaxation, mindfulness, distraction, scan
thoughts, etc.
Effectiveness
Table 3 presents a comparison of the intervention and control
groups from T1 to T2 for the primary outcome (pain-related
impairment) as well as the secondary outcomes of pain intensity
and general well-being. Means for the two groups were
compared using a paired-sample t test. At T2, the intervention
group showed significantly lower pain intensity compared to
that at T1, (t37=–2.8, P=.009) with a moderate to large effect
size (r=0.42) and significantly higher well-being (t37=2.41,
P=.02) with a moderate effect size (r=0.37) according to Cohen
[90].
Table 3. Results of a per-protocol paired-sample t test analysis comparing pre (T1) and post (T2) measures.
Control (n=23)Intervention (n=38)Outcome
rP valueT2, mean (SD)T1, mean (SD)r aP valueT2, mean (SD)T1, mean (SD)
0.23.284.19 (2.05)4.60 (2.00)0.13.443.98 (2.47)4.18 (1.81)BPIb
0.30.155.42 (1.68)5.88 (1.75)0.42.0095.33 (1.70)5.85 (1.57)DSFc
0.01.762.54 (1.10)2.50 (1.15)0.37.022.93 (1.11)2.55 (1.10)MFHWd
ar: effect size.
bBPI: Brief Pain Inventory.
cDSF: Deutscher Schmerzfragebogen (German Pain Survey).
dMFHW: Marbuger Fragebogen zum habituellen Wohlbefinden (Marburger Screening for Habitual Well-being).
The results of LMM analyses for the entire sample including
covariates are given in Table 4. At T2, participants in the
intervention group did not show significantly lower levels of
pain-related impairment compared to those of the control group
(t60=0.42, P=.68).
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Table 4. Results of the outcome intention-to-treat analysis using a linear mixed model.
95% CIP valueSEEstimateOutcome
Pain-related impairment (BPIa)
N/AN/AN/Ab4.69Intercept
–1.07 to 0.33.290.35–0.37Timec
–0.89 to 0.63.730.38–0.13Groupd
–0.70 to 1.07.680.440.18Treatmente
0.08 to 0.68.010.150.38HAPAf
–0.44 to 0.19.450.16–0.12Duration of pain
Pain intensity (DSFg)
N/AN/AN/A5.50Intercept
–0.94 to 0.09.100.26–0.42Time
–0.86 to 0.46.550.330.20Group
–0.64 to 0.66.970.330.01Treatment
0.08 to 0.57.010.120.33HAPA
–0.21 to 0.32.670.130.06Duration of pain
General well-being (MFHWh)
N/AN/AN/A2.56Intercept
–0.34 to 0.35.970.170.01Time
–0.49 to 0.49.820.22–0.05Group
–0.09 to 0.80.110.220.36Treatment
–0.31 to 0.02.090.08–0.14HAPA
–0.15 to 0.20.800.090.02Duration of pain
aBPI: Brief Pain Inventory.
bNot applicable.
cRate of improvement for both the intervention and control groups.
dIntervention or control group.
eRepresented by the group-by-time interaction.
fHAPA: Health Action Process (intention to change behavior).
gDSF: Deutscher Schmerzfragebogen (German Pain Survey).
hMFHW: Marbuger Fragebogen zum habituellen Wohlbefinden (Marburger Screening for Habitual Well-being).
Intention to Change Behavior
As shown in Table 4, we found a significantly positive relation
between the intention to change behavior and pain-related
impairment (t98=2.54, P=.01) as well as pain intensity (t98=2.62,
P=.01). The Pearson correlation coefficients between intention
to change behavior and pain-related impairment (r=0.24; P=.02)
as well as pain intensity (r=0.20; P=.05) revealed a significantly
positive relation measured at T1. Descriptive analyses revealed
that participants remained in the program by completing the T2
measure regardless of their classification as nonintenders and
intenders at T1 (22/61).
Working Alliance
Table 5 shows the mean values of the intervention group for
each of the 3 dimensions of the WAI-SR (attachment bond, goal
agreement, task agreement) postintervention as well as the
results of the mean comparison of attachment bond between
the intervention and control group pre- and postintervention.
At T2, groups differed significantly in their level of attachment
bond (t29.6=2.95, P=.005).
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Table 5. Results of an independent t test for the subscale bond, means for subscales task and goal of the working alliance.
Postintervention (N=61)Preintervention (N=61)WAI-SRa
P valueControl (n=23), mean (SD)Intervention (n=38), mean
(SD)
P valueControl (n=23), mean (SD)Intervention (n=38), mean
(SD)
N/AN/A5.38N/AN/AN/AbTotal
.0054.51 (2.08)5.89 (1.1).695.58 (1.44)5.43 (1.27)Bond
N/AN/A4.95N/AN/AN/ATask
N/AN/A5.3N/AN/AN/AGoal
aWAI-SR: Working Alliance Inventory-Short Revised (1-7 Likert scale).
bNot applicable.
Acceptance
We analyzed acceptance both descriptively (Table 6) and
qualitatively (Figure 4 and Figure 5), demonstrating positive
feedback from the majority of users. Overall, 24/38 (63%) of
the participants fully agreed or agreed that they had fun using
the app, 18/38 (47%) fully agreed or agreed that the app was
useful, and 31/38 (84%) agreed that it was easy to use. The
duration of the program was exactly right for 19/38 (50%) of
the participants. The number of messages was too short for
28/38 (74%) and their content was not sufficiently profound for
29/38 (76%) of the participants. The net promoter score was
high at 16 [91].
Table 6. Characteristics of app acceptability for the intervention group postintervention.
Mean (SD) (n=38)Characteristic
The SELMA app was
5.5 (1.45)Enjoyable (1 to 7)
6.34 (1.15)Easy to use (1 to 7)
5.47 (1.41)Useful (1 to 7)
Intervention
1.87 (0.70)Durationa
Messages
1.47 (0.76)Numberb
1.37 (0.71)Contentc
a1=too short, 2=just right, 3=too long.
b1=too seldom, 2=just right, 3=too often.
c1=not detailed enough, 2=just right, 3=too elaborate.
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Figure 4. Thematic map and quotes from participants (righthand boxes) about positive aspects of the SELMA intervention. Note: numbers in brackets
indicate the number of times the topic was mentioned by the participants.
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Figure 5. Thematic map and quotes from participants (righthand boxes) about negative aspects of the SELMA intervention. Note: Numbers in brackets
indicate the number of times the topic was mentioned by the participants.
Figure 4 shows a thematic map of the participants’ responses
to the question “What did you like most about the app?” In the
data-driven analyses, two major themes, process and content,
emerged with respect to the positive aspects of the app.
Regarding the process, accountability and optimism were stated
most frequently (n=8), followed by empathy/bond (n=7) and
ease of use and different channels (n=6). Individuality and
variety were mentioned 5 times, followed by innovative
knowledge transfer (n=4).
Figure 5 shows a thematic map of the participants’ responses
to the question “What should be improved in the app?”
Interaction and content were revealed as the main themes.
Within interaction, 10 users criticized the lack of free text
answers and an overly static flow of interaction. Other aspects
criticized included insufficient answer options (n=7), the fixed
time point of notification (n=5), a missing dashboard (n=4), and
the slow communication style (n=2). The lack of personalization
was further split into the subthemes duration and type of pain
(n=6) as well as general (n=4). Information did not go deeply
enough for some users (n=4).
Adherence
The average adherence ratio was 71% (SD 20%) with 200 (SD
58.45) conversations initiated by SELMA in the intervention
group. Participants of the control group responded with an
adherence ratio of 60% (SD 27%) with 177 (SD 87.27)
conversations initiated by SELMA. Multimedia Appendix 9
provides an overview of the number of conversations initiated
by SELMA and responded by participants. There was no
significant difference in adherence ratios between the
intervention and control groups (t37=1.81, P=.08). Multimedia
Appendix 10 shows scatter plots of the relation of adherence
ratios and outcomes. Linear regression analyses showed no
significant relation between adherence ratios of the intervention
group and the primary outcome pain-related impairment
(beta=.18, SE 1.3, P=.29), and the secondary outcomes pain
intensity (beta=–.06, SE 0.94, P=.71) and general well-being
(beta=.22, SE 0.77, P=.19).
Discussion
Principal Findings
To the best of our knowledge, this is the first randomized
controlled trial of a fully automated, unguided, text-based
conversational agent designed for patients with chronic pain.
The first goal of our study was to describe the design and
implementation of SELMA. We clearly demonstrated that a
TBHC-based intervention can be designed and implemented
for chronic pain sufferers. The second goal was to explore
whether a TBHC based on CBT could help users to better
self-manage their pain over a period of 8 weeks. A comparison
of baseline and postintervention measures of an 8-week trial
for the intervention group revealed a small effect for pain-related
impairment, strong effect for pain intensity, and medium effect
for general well-being. However, the control group showed
similar effects. LMM analyses showed that the intervention
group did not differ significantly from the control group with
regard to the primary outcome, pain-related impairment.
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M or e o v er, w e f o u n d a si g nifi c a nt r el ati o ns hi p b et w e e n
p arti ci p a nts’ i nt e nti o n t o c h a n g e b e h a vi or a n d b ot h p ai n-r el at e d
i m p air m e nt as w ell as p ai n i nt e nsit y. It s e e ms pl a usi bl e t h at
p e o pl e wit h a hi g h er l e v el of p ai n a n d p ai n-r el at e d i m p air m e nt
ar e m or e li k el y t o s h o w a n i n cr e as e d i nt e nti o n t o c h a n g e t h eir
b e h a vi or a n d a d o pt n e w c o pi n g str at e gi es i n t h eir p ai n
s elf- m a n a g e m e nt. P ai n s uff er ers ar e m or e li k el y t o c h a n g e t h eir
b e h a vi or w h e n t h eir ps y c h ol o gi c al str ai n i n cr e as es. A d diti o n all y,
p arti ci p a nts w h o h a d n o i nt e nti o n t o c h a n g e t h eir b e h a vi or
( m e as ur e d at b as eli n e) w er e p arti ci p ati n g a n d c o m pl eti n g t h e
i nt er v e nti o n.
We als o i n v esti g at e d t h e a c c e pt a n c e of t h e S E L M A a p p as a
s e c o n d ar y o ut c o m e. I n g e n er al, p arti ci p a nts e nj o y e d usi n g t h e
a p p, f o u n d it us ef ul, a n d w o ul d r e c o m m e n d it t o ot h er p e o pl e
s uff eri n g fr o m p ai n. C o n c er ni n g t h e s etti n g, h alf of t h e
p arti ci p a nts f o u n d t h e d ur ati o n of t h e i nt er v e nti o n t o b e
a d e q u at e, a n d a b o ut t h e s a m e n u m b er of us ers w o ul d h a v e
pr ef err e d a l o n g er or s h ort er pr o gr a m d ur ati o n. O v er 7 0 % of
t h e us ers w o ul d h a v e pr ef err e d a gr e at er n u m b er of c h at
m ess a g es. M or e o v er, t h e c o nt e nt of m ess a g es w as n ot e xt e nsi v e
e n o u g h f or m or e t h a n 7 0 % of t h e p arti ci p a nts. Q u alit ati v e
a n al ys es r e v e al e d a n i ns uffi ci e nt d e gr e e of p ers o n ali z ati o n, a n d
m a n y p arti ci p a nts w o ul d h a v e pr ef err e d t o h a v e m or e d et ail e d
or i n- d e pt h i nf or m ati o n a b o ut t h e r el ati o n of p ai n a n d b e h a vi or
as w ell as c o pi n g str at e gi es.
We m e as ur e d a d h er e n c e b y ass essi n g t h e r ati o of c o n v ers ati o ns
r e pli e d b y p arti ci p a nts a n d all c o n v ers ati o ns i niti at e d b y
S E L M A, r e v e ali n g a n a v er a g e a d h er e n c e r ati o of 7 1 % wit h 2 0 0
c o n v ers ati o ns i niti at e d b y S E L M A; t h e i nt er v e nti o n a n d c o ntr ol
gr o u ps di d n ot diff er si g nifi c a ntl y. We f o u n d n o si g nifi c a nt
r el ati o ns hi p b et w e e n a d h er e n c e a n d st u d y o ut c o m es, alt h o u g h
p ositi v e tr e n ds w er e o bs er v e d. T h e dr o p- o ut r at e w as 2 1/ 5 9
( 3 6 %) f or t h e i nt er v e nti o n gr o u p a n d 2 0/ 4 3 ( 4 7 %) f or t h e c o ntr ol
gr o u p.
P arti ci p a nts’ q u alit ati v e f e e d b a c k i n di c at e d t h at m a n y us ers
v al u e d t h e r eli a bl e a n d e m p at hi c as p e cts of i nt er a cti o n. T his
s h o ws t h at t h e y p er c ei v e d a s e ns e of i nt er p ers o n al cl os e n ess
wit h t h e c h at b ot. R es ults fr o m t h e b o n d s c al e of t h e W AI- S R
[2 5 ] c o nfir m e d t h es e st at e m e nts; p arti ci p a nts i n t h e i nt er v e nti o n
gr o u p r e p ort e d si g nifi c a ntl y hi g h er v al u es at t h e f oll o w- u p
m e as ur e c o m p ar e d t o t h os e r e p ort e d at t h e b as eli n e m e as ur e.
B y c o ntr ast, m a n y p arti ci p a nts w a nt e d t h e o pti o n t o e nt er m or e
fr e e t e xt, f e eli n g t h at t h e i nt er a cti o n w as t o o st ati c a n d n ot
fl e xi bl e. T his i n di c at es a d esir e of p arti ci p a nts t o i nt er a ct wit h
a c h at b ot i n t h e s a m e w a y t h e y d o wit h h u m a ns, a n d s u p p orts
t h e t h e or y of m e di a e q u ati o n, w hi c h cl ai ms t h at p e o pl e t e n d t o
tr e at c o m p ut ers or ot h er m e di a as if t h e y w er e r e al p e o pl e [9 2 ]
a n d p er c ei v e t h e m as s o ci al a ct ors [ 2 8 ].
C o m p a ris o n Wit h P ri o r W o r k
I nt er v e nti o ns b as e d o n a c o n v ers ati o n al a g e nt h a v e b e e n r e c e ntl y
d e pl o y e d i n t h e h e alt h s e ct or. A r e c e nt st u d y [ 9 3 ] s h o w e d t h at
c o n v ers ati o n al a g e nt- b as e d i nt er v e nti o ns t ar g et n e ur ol o gi c al
dis or d ers [ 9 4 -9 6 ], a d di cti o ns [9 7 ,9 8 ], m e nt al- p h ysi c al w ell n ess
[9 9 ,1 0 0 ], n utriti o n al m et a b oli c dis or d ers [1 0 1 -1 0 3 ], a n d s e x u all y
tr a ns mitt e d dis e as e [ 1 0 4 ]. T o b ett er c o m p ar e or r e pli c at e st u di es,
r es ults s h o ul d b e r e p ort e d c o nsist e ntl y, f or e x a m pl e a c c or di n g
t o t h e C o ns oli d at e d St a n d ar ds of R e p orti n g Tri als of el e ctr o ni c
a n d m o bil e h e alt h a p pli c ati o ns [ 1 0 5 ]. I n t his st u d y,
c o n v ers ati o n al a g e nts w er e us e d t o m o nit or h e alt h c o n diti o n,
f or m attit u d es t o w ar d h e alt h b e h a vi or, a n d fi n all y i nt er v e n e o n
c o g niti v e or aff e cti v e pr o c ess es a n d h e alt h b e h a vi or. S c al a bilit y,
p ers o n ali z ati o n, c o ns u m a bilit y, as y n c hr o ni cit y, a n d a n o n y mit y
w er e i d e ntifi e d t o b e t e c h ni c al f e at ur es of t h e gr e at est i nt er est.
A g ai nst t his b a c k gr o u n d, S E L M A t ar g ets c o g niti o n, aff e ct,
attit u d e, a n d h e alt h b e h a vi or b y usi n g p ers o n ali z ati o n. A n
i nt er v e nti o n si mil ar t o S E L M A [3 5 ] s h o w e d t h at a
c o n v ers ati o n al a g e nt i n  c o m bi n ati o n wit h m e di c al gr o u p visits
w as a bl e t o r e d u c e str ess. Ot h er r el at e d st u di es ai m at
m e nt al- p h ysi c al w ell n ess. I n o n e tri al [ 9 9 ], m o o d w as i m pr o v e d
wit h a m o d er at e eff e ct si z e a m o n g us ers wit h hi g h e n g a g e m e nt.
A n ot h er st u d y [ 1 0 6 ] r e p ort e d s m all t o l ar g e eff e ct si z es f or
i m pr ov e d w ell- b ei n g a n d str ess a m o n g us ers wit h hi g h
e n g a g e m e nt.
M or e o v er, c o n v ers ati o n al a g e nt i nt er v e nti o ns s e e m t o b e w ell
a c c e pt e d b y p arti ci p a nts [ 3 5 ,1 0 1 ,1 0 6 -1 0 8 ]. A m et a- a n al ysis
s h o w e d t h at m ost i nt er v e nti o ns a d dr ess m e nt al h e alt h a n d
d e m o nstr at e eff e cti v e n ess [ 3 4 ]. A n ot h er r e vi e w f o u n d t h at
c o n v ers ati o n al a g e nts ar e m ai nl y i m pl e m e nt e d f or h e alt h y
i n di vi d u als r at h er t h a n f or t h os e wit h c hr o ni c c o n diti o ns [1 0 9 ].
O ur st u d y m a y c o ntri b ut e t o cl osi n g t his g a p b y s u p p orti n g
i n di vi d u als s uff eri n g fr o m c hr o ni c p ai n.
A m or e t e c h ni c al st u d y c at e g ori z e d c o n v ers ati o n al a g e nts
r e g ar di n g i nt er a cti o n p ar a di g ms, s yst e m ar c hit e ct ur es, a n d f or ms
of di al o g d esi g n [ 1 1 0 ]. T his st u d y als o o utli n e d t h at p ers o n ali z e d
i nt er v e nti o ns ar e a f ut ur e c h all e n g e as ar e el d erl y p o p ul ati o ns
b e c a us e e n h a n c e d d at a ar e r e q uir e d t o s ust ai n i m pr o v e d s u p p ort.
A n ot h er st u d y f o c us e d o n c o n v ers ati o n al a g e nts wit h
u n c o nstr ai n e d n at ur al l a n g u a g e i n p ut a n d f o u n d it t o b e a n
e m er gi n g fi el d of r es e ar c h, b ut i n cl u d e d st u di es t h at r ar el y
e v al u at e d effi c a c y or s af et y a n d w er e m ai nl y q u asi e x p eri m e nt al
[1 1 1 ].
F urt h er m or e, a r e vi e w r e p ort e d t h at c o n v ers ati o n al a g e nt- b as e d
p ers o n ali z e d i nt er v e nti o ns i m pr o v e d s atisf a cti o n, e n g a g e m e nt,
a n d di al o g q u alit y, a n d t h at o ut c o m e e v al u ati o ns w er e oft e n
n e gl e ct e d [ 1 1 2 ]. T h es e fi n di n gs ar e pr o misi n g, b ut b e c a us e of
li mit e d e vi d e n c e [1 1 3 ], f urt h er r es e ar c h is n e e d e d t o i d e ntif y
a p pr o pri at e d esi g n f e at ur es f or c o n v ers ati o n al a g e nts t h at s u p p ort
p ai n s elf- m a n a g e m e nt. S E L M A off ers p ers o n ali z ati o n i n v ari o us
w a ys s u c h as b y off eri n g t h e s elf-s el e cti o n of i nt er v e nti o n
c o m p o n e nts. Q u alit ati v e a n al ys es of S E L M A r e v e al e d t h at
p arti ci p a nts a p pr e ci at e d t his s elf-s el e cti o n a ut o n o m y b ut wis h e d
f or m or e p ers o n ali z ati o n s u c h as diff er e nti ati o n a m o n g t y p es
of p ai n.
Fi n all y, t h er e is n o c o ns e ns us o n a d h er e n c e m e as ur es f or di git al
b e h a vi or c h a n g e i nt er v e nti o ns. T h e a bilit y t o m e as ur e us a g e
b e h a vi or of i n di vi d u als, o p er ati o n ali z ati o n of i nt e n d e d us e, a n d
j ustifi c ati o n of i nt e n d e d us e ar e d e e m e d t o b e vit al t o m e as ur e
a d h er e n c e. A n i m p ort a nt as p e ct is t o k e e p t h e g o al of t h e a p p
a n d t h e d esir e d o ut c o m e i n mi n d [ 1 1 4 ,1 1 5 ]; f or e x a m pl e,
ass essi n g t h e ti m e t h at p arti ci p a nts s p e nt o n offli n e e n g a g e m e nt
wit h e x er cis es, t h eir m oti v ati o n t o e x er cis e a n d e n g a g e wit h t h e
i nt er v e nti o n, or ass essi n g s p e cifi c el e m e nts of t h e i nt er v e nti o n
t h at w er e h el pf ul t o p arti ci p a nts. F urt h er, e nj o y m e nt of
i nt er a cti o n wit h t h e di git al c o a c h a n d est a blis h m e nt of a w or ki n g
J MI R M h e alt h U h e alt h 2 0 2 0 | v ol. 8 | iss. 4 | e 1 5 8 0 6 | p. 1 5htt p:// m h e alt h.j mir . or g/ 2 0 2 0/ 4/ e 1 5 8 0 6/
( p a g e n u m b er n ot f or cit ati o n p ur p os es)
H a us er- Ulri c h et alJ MI R M H E A L T H A N D U H E A L T H
X S L • F O
R e n d er X
alliance might contribute to adherence, as studies have shown
establishment of a working alliance between humans and health
care chatbots [22,106].
Limitations and Suggestions for Future Work
The current study has several limitations with respect to the
generalizability of the results. First, as this was an exploratory
pilot study, a heterogeneous sample was recruited and no
follow-up data were collected to test long-term efficacy. The
small sample size did not allow for further analyses such as
comparing different types of pain. The heterogeneous sample
also impeded establishing a definition of adequate
psychoeducation. Future work should consist of larger and more
homogeneous samples, along with a follow-up measure to
investigate whether outcomes are persistent. This program was
personalized by participants’ interest and prior knowledge.
However, future programs should expand on personalization of
the content by processing more pain-related personal data.
Second, the majority of users were middle-aged women. This
limiting factor was also found in several other studies
[14,17,116]. Even though chronic pain is more common in
women than in men of Western countries [4,117], this does not
fit with the distribution in this trial, and future work should
motivate more men to participate in technology-driven pain
management approaches. The majority of participants had a
university degree, which is also a characteristic reported by
other studies [7,21]. Only 6% of the users had a migration
background, which does not reflect the proportion in Swiss
society (37%) [118]. Perhaps immigrants have reduced access
to digital interventions due to language or cultural barriers,
which should be considered in future research.
Third, some participants might have inadvertently missed the
timeframe set to self-select modules, resulting in SELMA
selecting predefined modules. It is possible that these default
modules did not correspond to the participants’ preferences and
may have reduced their engagement. The default choice might
have had a negative impact on the efficacy of the present study.
Further research based on automated dialog systems should
have flexible timepoints of communication and incorporate
engagement analyses to find out more about when and for what
reasons participants do not engage.
Fourth, due to technical problems, interaction with the chatbot
was interrupted for some participants. The tracking of affected
users was technically impossible, and some may have quit the
program during this time. This factor limits an analysis of
efficacy.
Fifth, in this trial, the participants had limited options to enter
free text, which was criticized by many participants. Future
programs should have a combination of predefined answers and
free-text inputs to give users autonomy where needed. In
addition, participants did not receive feedback on their progress.
Individualized progress feedback is one of the most commonly
used change techniques in smartphone-based health
interventions [119], and helps users focus on their discrepancy
awareness. Such feedback should be implemented in future
programs so that participants can check to see if they are already
approaching their set goals.
Finally, the control group underwent the onboarding process as
well and received weekly text messages with quotations from
the chatbot for ethical reasons. Because of this interaction with
the chatbot, participants from this group might have started to
actively challenge their pain self-management and therefore
showed positive results on the primary outcomes. This might
be due to the self-selecting bias that arises when individuals
select themselves into a group or intervention. These individuals
are particularly interested in the subject and cannot be
considered to be a representative sample, as they might have
different pre-existing characteristics [120]. The choice of this
form of control group may have contributed to the improved
levels of perceived pain-related impairment, pain intensity, and
well-being.
Conclusions
The results of the present work must be interpreted with care
and the findings need to be replicated. Nonetheless, our study
clearly illustrates that a TBHC-based intervention can be
designed and thus offers valuable information for future program
adaptions. Our findings can help to design future studies with
a larger and more homogeneous sample focusing on intentional
behavior change and working alliance. It is also important to
further examine the usage of and adherence to digital coaching
programs. Chronic pain has a high impact on personal
well-being and on health costs, and innovative treatment
approaches are needed. A fully automated TBHC designed to
guide self-management of chronic pain could have the potential
to deliver a low-threshold CBT-based coaching program for
people suffering from chronic pain.
Acknowledgments
The authors would like to thank Pathmate Technologies AG for providing technical development and support of the mobile
SELMA app.
Conflicts of Interest
TK is affiliated with the Center for Digital Health Interventions (www.c4dhi.org), a joint initiative of the Department of
Management, Technology and Economics at ETH Zurich and the Institute of Technology Management at the University of St
Gallen, which is funded in part by the Swiss health insurer CSS. TK is also cofounder of Pathmate Technologies, a university
spinoff company that creates and delivers digital clinical pathways and has used the open source MobileCoach platform for that
purpose as well.
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e15806 | p. 16http://mhealth.jmir.org/2020/4/e15806/
(page number not for citation purposes)
Hauser-Ulrich et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
Multimedia Appendix 1
Overview of weekly core themes and tasks to complete.
[PDF File (Adobe PDF File), 133 KB-Multimedia Appendix 1]
Multimedia Appendix 2
Sympathy elements in the conversation between SELMA and a participant.
[PDF File (Adobe PDF File), 448 KB-Multimedia Appendix 2]
Multimedia Appendix 3
Examples of interaction with SELMA for the intervention group.
[PDF File (Adobe PDF File), 5969 KB-Multimedia Appendix 3]
Multimedia Appendix 4
Video with various examples of interactions with SELMA.
[MP4 File (MP4 Video), 22643 KB-Multimedia Appendix 4]
Multimedia Appendix 5
Project website.
[PDF File (Adobe PDF File), 5231 KB-Multimedia Appendix 5]
Multimedia Appendix 6
Flyer recruitment.
[PDF File (Adobe PDF File), 373 KB-Multimedia Appendix 6]
Multimedia Appendix 7
Example of an interaction with SELMA for the control group.
[PDF File (Adobe PDF File), 5377 KB-Multimedia Appendix 7]
Multimedia Appendix 8
List of self-reported screening measures.
[PDF File (Adobe PDF File), 57 KB-Multimedia Appendix 8]
Multimedia Appendix 9
Adherence illustrated by number of conversations.
[PDF File (Adobe PDF File), 77 KB-Multimedia Appendix 9]
Multimedia Appendix 10
Scatter plots of adherence and outcomes.
[PDF File (Adobe PDF File), 136 KB-Multimedia Appendix 10]
Multimedia Appendix 11
CONSORT-eHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 683 KB-Multimedia Appendix 11]
References
1. Schmidt CO, Raspe H, Pfingsten M, Hasenbring M, Basler HD, Eich W, et al. Back pain in the German adult population:
prevalence, severity, and sociodemographic correlates in a multiregional survey. Spine 2007 Aug 15;32(18):2005-2011.
[doi: 10.1097/BRS.0b013e318133fad8] [Medline: 17700449]
2. Reid KJ, Harker J, Bala MM, Truyers C, Kellen E, Bekkering GE, et al. Epidemiology of chronic non-cancer pain in Europe:
narrative review of prevalence, pain treatments and pain impact. Curr Med Res Opin 2011 Feb;27(2):449-462. [doi:
10.1185/03007995.2010.545813] [Medline: 21194394]
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e15806 | p. 17http://mhealth.jmir.org/2020/4/e15806/
(page number not for citation purposes)
Hauser-Ulrich et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
3. Johannes CB, Le TK, Zhou X, Johnston JA, Dworkin RH. The prevalence of chronic pain in United States adults: results
of an Internet-based survey. J Pain 2010 Nov;11(11):1230-1239. [doi: 10.1016/j.jpain.2010.07.002] [Medline: 20797916]
4. Schmidt CO, Chenot JF, Kohlmann T. Epidemiologie und gesundheitsökonomische Aspekte des chronischen Schmerzes.
In: Kröner-Herwig B, Frettlöh J, Klinger R, Nilges P, editors. Schmerzpsychotherapie. Berlin, Heidelberg: Springer; 2011.
5. Roditi D, Robinson ME. The role of psychological interventions in the management of patients with chronic pain. Psychol
Res Behav Manag 2011;4:41-49. [doi: 10.2147/PRBM.S15375] [Medline: 22114534]
6. Gatchel RJ, Okifuji A. Evidence-based scientific data documenting the treatment and cost-effectiveness of comprehensive
pain programs for chronic nonmalignant pain. J Pain 2006 Nov;7(11):779-793. [doi: 10.1016/j.jpain.2006.08.005] [Medline:
17074616]
7. Vugts MAP, Joosen MCW, van der Geer JE, Zedlitz AMEE, Vrijhoef HJM. The effectiveness of various computer-based
interventions for patients with chronic pain or functional somatic syndromes: A systematic review and meta-analysis. PLoS
One 2018;13(5):e0196467 [FREE Full text] [doi: 10.1371/journal.pone.0196467] [Medline: 29768436]
8. Morley S, Eccleston C, Williams A. Systematic review and meta-analysis of randomized controlled trials of cognitive
behaviour therapy and behaviour therapy for chronic pain in adults, excluding headache. Pain 1999 Mar;80(1-2):1-13. [doi:
10.1016/s0304-3959(98)00255-3] [Medline: 10204712]
9. Williams ACDC, Eccleston C, Morley S. Psychological therapies for the management of chronic pain (excluding headache)
in adults. Cochrane Database Syst Rev 2012;11:CD007407. [doi: 10.1002/14651858.CD007407.pub3] [Medline: 23152245]
10. Frettlöh J, Hermann C. Kognitiv-behaviorale Therapie. In: Kröner-Herwig B, Frettlöh J, Klinger R, Nilges P, editors.
Schmerzpsychotherapie. Berlin, Heidelberg: Springer; 2017:349-371.
11. AGS Panel on Persistent Pain in Older Persons. The management of persistent pain in older persons. J Am Geriatr Soc
2002 Jun;50(6 Suppl):S205-S224. [doi: 10.1046/j.1532-5415.50.6s.1.x] [Medline: 12067390]
12. Schmidt CO, Chenot J, Pfingsten M, Fahland RA, Lindena G, Marnitz U, et al. Assessing a risk tailored intervention to
prevent disabling low back pain--protocol of a cluster randomized controlled trial. BMC Musculoskelet Disord 2010 Jan
05;11:5 [FREE Full text] [doi: 10.1186/1471-2474-11-5] [Medline: 20051119]
13. Gureje O, Von Korff M, Simon GE, Gater R. Persistent pain and well-being: a World Health Organization Study in Primary
Care. JAMA 1998 Jul 08;280(2):147-151. [doi: 10.1001/jama.280.2.147] [Medline: 9669787]
14. Garg S, Garg D, Turin TC, Chowdhury MFU. Web-Based Interventions for Chronic Back Pain: A Systematic Review. J
Med Internet Res 2016 Jul 26;18(7):e139 [FREE Full text] [doi: 10.2196/jmir.4932] [Medline: 27460413]
15. Turk DC, Rudy TE. Neglected factors in chronic pain treatment outcome studies--referral patterns, failure to enter treatment,
and attrition. Pain 1990 Oct;43(1):7-25. [doi: 10.1016/0304-3959(90)90046-g] [Medline: 2277718]
16. Turk DC, Rudy TE. Neglected topics in the treatment of chronic pain patients--relapse, noncompliance, and adherence
enhancement. Pain 1991 Jan;44(1):5-28. [doi: 10.1016/0304-3959(91)90142-k] [Medline: 2038489]
17. Nicholl BI, Sandal LF, Stochkendahl MJ, McCallum M, Suresh N, Vasseljen O, et al. Digital Support Interventions for the
Self-Management of Low Back Pain: A Systematic Review. J Med Internet Res 2017 May 21;19(5):e179 [FREE Full text]
[doi: 10.2196/jmir.7290] [Medline: 28550009]
18. Lin J, Baumeister H. Internet-und Mobilebasierte Interventionen in der Psychotherapie. Public Health Forum
2015;23(3):176-179. [doi: 10.1515/pubhef-2015-0063]
19. Andersson G. Internet-Delivered Psychological Treatments. Annu Rev Clin Psychol 2016;12:157-179. [doi:
10.1146/annurev-clinpsy-021815-093006] [Medline: 26652054]
20. Enock P, McNally R. How mobile apps and other web-based interventions can transform psychological treatment and the
treatment development cycle. Behav Ther 2013;36(3):56-66.
21. Bickmore TW, Mitchell SE, Jack BW, Paasche-Orlow MK, Pfeifer LM, Odonnell J. Response to a Relational Agent by
Hospital Patients with Depressive Symptoms. Interact Comput 2010 Jul 1;22(4):289-298 [FREE Full text] [doi:
10.1016/j.intcom.2009.12.001] [Medline: 20628581]
22. Bickmore T, Gruber A, Picard R. Establishing the computer-patient working alliance in automated health behavior change
interventions. Patient Educ Couns 2005 Oct;59(1):21-30. [doi: 10.1016/j.pec.2004.09.008] [Medline: 16198215]
23. Castonguay LG, Constantino MJ, Holtforth MG. The working alliance: Where are we and where should we go? Psychotherapy
2006;43(3):271-279. [doi: 10.1037/0033-3204.43.3.271] [Medline: 22122096]
24. Flückiger C, Del Re AC, Wampold BE, Symonds D, Horvath AO. How central is the alliance in psychotherapy? A multilevel
longitudinal meta-analysis. J Couns Psychol 2012 Jan;59(1):10-17. [doi: 10.1037/a0025749] [Medline: 21988681]
25. Horvath AO, Greenberg LS. Development and validation of the Working Alliance Inventory. J Counsel Psychol 1989
Apr;36(2):223-233. [doi: 10.1037/0022-0167.36.2.223]
26. Flückiger C, Del Re AC, Wampold BE, Horvath AO. The alliance in adult psychotherapy: A meta-analytic synthesis.
Psychotherapy 2018 Dec;55(4):316-340. [doi: 10.1037/pst0000172] [Medline: 29792475]
27. Martin DJ, Garske JP, Davis MK. Relation of the therapeutic alliance with outcome and other variables: a meta-analytic
review. J Consult Clin Psychol 2000 Jun;68(3):438-450. [Medline: 10883561]
28. Nass C, Steuer J, Tauber E. Computers Are Social Actors. : ACM; 1994 Presented at: SIGCHI Conference on Human
Factors in Computing Systems; April 24, 1994; Boston, MA, USA p. 72-78. [doi: 10.1145/191666.191703]
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e15806 | p. 18http://mhealth.jmir.org/2020/4/e15806/
(page number not for citation purposes)
Hauser-Ulrich et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
29. Bickmore T, Schulman D, Yin L. Maintaining Engagement in Long-term Interventions with Relational Agents. Appl Artif
Intell 2010 Jul 01;24(6):648-666 [FREE Full text] [doi: 10.1080/08839514.2010.492259] [Medline: 21318052]
30. Bickmore TW, Picard RW. Establishing and maintaining long-term human-computer relationships. ACM Trans Comput
Hum Interact 2005 Jun 01;12(2):293-327. [doi: 10.1145/1067860.1067867]
31. Kowatsch T, Volland D, Shih I, Rüegger D, Künzler F, Barata F, et al. DesignEvaluation of a Mobile Chat App for the
Open Source Behavioral Health Intervention Platform MobileCoach. In: Maedche A, vom Brocke J, Hevner A, editors.
Designing the Digital Transformation. Cham: Springer International Publishing; 2017:485-489.
32. Fitzpatrick KK, Darcy A, Vierhile M. Delivering Cognitive Behavior Therapy to Young Adults With Symptoms of Depression
and Anxiety Using a Fully Automated Conversational Agent (Woebot): A Randomized Controlled Trial. JMIR Ment Health
2017 Jun 06;4(2):e19 [FREE Full text] [doi: 10.2196/mental.7785] [Medline: 28588005]
33. Herring SC. Slouching Toward the Ordinary: Current Trends in Computer-Mediated Communication. New Media Soc
2016 Jun 30;6(1):26-36. [doi: 10.1177/1461444804039906] [Medline: 22973420]
34. Ma T, Sharifi H, Chattopadhyay D. Virtual Humans in Health-Related Interventions: A Meta-Analysis. : ACM Press; 2019
Presented at: CHI Conference on Human Factors in Computing Systems; May 4-9, 2019; Glasgow, Scotland, UK p. 1-6.
[doi: 10.1145/3290607.3312853]
35. Shamekhi A, Bickmore T, Lestoquoy A, Gardiner P. Augmenting Group Medical Visits with Conversational Agents for
Stress Management Behavior Change. In: de Vries PW, editor. Persuasive Technology: Development And Implementation
Of Personalized Technologies To Change Attitudes And Behaviors. PERSUASIVE 2017. Lecture Notes In Computer
Science, vol 10171. Cham: Springer; 2020:55-67.
36. Kowatsch T, Nissen M, Rüegger D, Flückiger C, Allemand M, von Wangenheim WF. The Impact of Interpersonal Closeness
Cues in Text-based Healthcare Chatbots on Attachment Bond and the Desire to Continue Interacting. 2018 Presented at:
Twenty-Sixth European Conference on Information Systems (ECIS2018); June 23-28, 2018; Portsmouth p. 1-13.
37. Kowatsch T, Nissen M, Chen-Husan I, Rüegger D, Volland D, Filler A, et al. Text-based Healthcare Chatbots Supporting
Patient and Health Professional Teams: Preliminary Results of a Randomized Controlled Trial on Childhood Obesity. In:
Persuasive Embodied Agents for Behavior Change. 2017 Presented at: 17th International Conference on Intelligent Virtual
Agents; August 27-30, 2017; Stockholm. [doi: 10.1007/978-3-319-59144-5_36]
38. von Wachter M. Chronische Schmerzen: Selbsthilfe und Therapiebegleitung, Orientierung für Angehörige und konkrete
Tipps und Fallbeispiele. Dordrecht: Springer; 2014.
39. Sendera M, Sendera A. Chronischer Schmerz Schulmedizinische, komplementärmedizinische und psychotherapeutische
Aspekte. Vienna: Springer; 2015.
40. Kröner-Herwig B, Frettlöh J. Behandlung chronischer Schmerzsyndrome: Plädoyer für einen interdisziplinären Therapieansatz.
In: Kröner-Herwig B, Frettlöh J, Klinger R, Nilges P, editors. Schmerzpsychotherapie. Berlin, Heidelberg: Springer;
2017:277-301.
41. Kröner-Herwig B, Lautenbacher S. Schmerzmessung und klinische Diagnostik. In: Kröner-Herwig B, Frettlöh J, Klinger
R, Nilges P, editors. Schmerzpsychotherapie. Berlin, Heidelberg: Springer; 2017:215-238.
42. Kröner-Herwig B. Schmerz als biopsychosoziales Phänomen – eine Einführung. In: Kröner-Herwig B, Frettlöh J, Klinger
R, Nilges P, editors. Schmerzpsychotherapie. Berlin, Heidelberg: Springer; 2017:3-16.
43. Nobis HG, Rolke R. Herausforderung Schmerz. In: Nobis HG, Rolke R, Graf-Baumann T, editors. Schmerz – Eine
Herausforderung. Berlin, Heidelberg: Springer; 2016:1-15.
44. von Wachter M, Hendrischke A. Psychoedukation bei chronischen Schmerzen. Berlin, Heidelberg: Springer; 2016.
45. Sandkühler J. Schmerzgedächtnisntstehung, Vermeidung und Löschung. Dtsch Artzebl 2001;98(41):2725-2730 [FREE
Full text]
46. Flor H. Neurobiologisch e und psychobiologische Faktoren der Chronifizierung und Plastizität. In: Kröner-Herwig B,
Frettlöh J, Klinger R, Nilges P, editors. Schmerzpsychotherapie. Berlin, Heidelberg: Springer; 2017:87-101.
47. Pfingsten M, Hildebrandt J. Rückenschmerzen. In: Kröner-Herwig B, Frettlöh J, Klinger R, Nilges P, editors.
Schmerzpsychotherapie. Berlin, Heidelberg: Springer; 2017:531-553.
48. Hasenbring M, Korb J, Pfingsten M. Psychologische Mechanismen der Chronifizierung – Konsequenzen für die Prävention.
In: Kröner-Herwig B, Frettlöh J, Klinger R, Nilges P, editors. Schmerzpsychotherapie. Berlin, Heidelberg: Springer;
2017:115-131.
49. Richter J. Schmerzen verlernen. Berlin, Heidelberg: Springer; 2013.
50. Lüking M, Martin A. Entspannung, Im agination, Biofeedback und Meditation. In: Kröner-Herwig B, Frettlöh J, Klinger
R, Nilges P, editors. Schmerzpsychotherapie. Berlin, Heidelberg: Springer; 2017:303-324.
51. Dobe M, Zernikow B. Therapie von Schmerzstörungen im Kindes- und Jugendalter in Manual für Psychotherapeuten, Ärzte
und Pflegepersonal. Berlin, Heidelberg: Springer; 2013.
52. Diezemann A, Korb J. Akzeptanz- und Commitment- Therapie. In: Kröner-Herwig B, Frettlöh J, Klinger R, Nilges P,
editors. Schmerzpsychotherapie. Berlin, Heidelberg: Springer; 2017:337-348.
53. Glier B. Chronischen Schmerz bewältigen: verhaltenstherapeutische Schmerzbehandlung. 4th ed. Stuttgart: Klett-Cotta;
2016.
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e15806 | p. 19http://mhealth.jmir.org/2020/4/e15806/
(page number not for citation purposes)
Hauser-Ulrich et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
54. Wengenroth M. Therapie-Tools Akzeptanz- und Commitmenttherapie (ACT): mit E-Book inside und Arbeitsmaterial. 2nd
ed. Weinheim Basel: Beltz; 2017.
55. Filler A, Kowatsch T, Haug S, Wahle F, Staake T, Fleisch E. MobileCoach: A novel open source platform for the design
of evidence-based, scalable and low-cost behavioral health interventions: Overview and preliminary evaluation in the public
health context. : IEEE; 2015 Apr Presented at: 2015 Wireless Telecommunications Symposium (WTS); 2015; New York
City, NY, USA p. 1-6. [doi: 10.1109/wts.2015.7117255]
56. MobileCoach. URL: https://www.mobile-coach.eu/ [accessed 2020-02-14]
57. Beun RJ, Fitrianie S, Griffioen-Both F, Spruit S, Horsch C, Lancee J, et al. Talk and Tools: the best of both worlds in mobile
user interfaces for E-coaching. Pers Ubiquit Comput 2017 May 19;21(4):661-674. [doi: 10.1007/s00779-017-1021-5]
58. Kiluk BD, Serafini K, Frankforter T, Nich C, Carroll KM. Only connect: The working alliance in computer-based cognitive
behavioral therapy. Behav Res Ther 2014 Dec;63:139-146 [FREE Full text] [doi: 10.1016/j.brat.2014.10.003] [Medline:
25461789]
59. Aron A, Aron EN, Smollan D. Inclusion of Other in the Self Scale and the structure of interpersonal closeness. J Person
Soc Psychol 1992;63(4):596-612. [doi: 10.1037/0022-3514.63.4.596]
60. Bickmore T, Schulman D, Yin L. Maintaining Engagement in Long-term Interventions with Relational Agents. Appl Artif
Intell 2010 Jul 01;24(6):648-666 [FREE Full text] [doi: 10.1080/08839514.2010.492259] [Medline: 21318052]
61. Bickmore T, Picard R. Towards caring machines. In: Extended abstracts of the 2004 conference on Human factors and
computing systems - CHI '04.: ACM Press; 2004 Presented at: CHI '04 Conference on Human Factors and Computing
Systems; April 24-29, 2004; Vienna, Austria p. 1489-1492. [doi: 10.1145/985921.986097]
62. Brave S, Nass C, Hutchinson K. Computers that care: investigating the effects of orientation of emotion exhibited by an
embodied computer agent. Int J Hum Comput Stud 2005 Feb;62(2):161-178. [doi: 10.1016/j.ijhcs.2004.11.002]
63. Partala T, Surakka V. The effects of affective interventions in human–computer interaction. Interact Comput 2004
Apr;16(2):295-309. [doi: 10.1016/j.intcom.2003.12.001]
64. Liu B, Sundar SS. Should Machines Express Sympathy and Empathy? Experiments with a Health Advice Chatbot.
Cyberpsychol Behav Soc Netw 2018 Oct;21(10):625-636. [doi: 10.1089/cyber.2018.0110] [Medline: 30334655]
65. Van der Zwaan JM, Dignum V. Robin, an empathic virtual buddy for social support. In: Proceedings of the 2013 International
Conference on Autonomous Agents and Multi-agent Systems.: International Foundation for Autonomous Agents and
Multiagent Systems; 2014 Presented at: 2013 International Conference on Autonomous Agents and Multi-agent Systems;
2014; Richland, SC p. 1413-1414.
66. Hone K. Empathic agents to reduce user frustration: The effects of varying agent characteristics. Interact Comput 2006
Mar;18(2):227-245. [doi: 10.1016/j.intcom.2005.05.003]
67. Haug S, Paz CR, Kowatsch T, Filler A, Dey M, Schaub MP. Efficacy of a web- and text messaging-based intervention to
reduce problem drinking in adolescents: Results of a cluster-randomized controlled trial. J Consult Clin Psychol 2017
Dec;85(2):147-159. [doi: 10.1037/ccp0000138] [Medline: 27606700]
68. Haug S, Paz Castro R, Meyer C, Filler A, Kowatsch T, Schaub MP. A Mobile Phone-Based Life Skills Training Program
for Substance Use Prevention Among Adolescents: Pre-Post Study on the Acceptance and Potential Effectiveness of the
Program, Ready4life. JMIR Mhealth Uhealth 2017 Oct 04;5(10):e143 [FREE Full text] [doi: 10.2196/mhealth.8474]
[Medline: 28978498]
69. Cassell J, Bickmore T. Negotiated Collusion: Modeling Social Language and its Relationship Effects in Intelligent Agents.
User Model User Adapt Interact 2003;13(1):89. [doi: 10.1023/A:1024026532471]
70. Lin J, Paganini S, Sander L, Lüking M, Ebert D, Buhrman M, et al. An Internet-Based Intervention for Chronic Pain. Dtsch
Arztebl Int 2017 Oct 13;114(41):681-688. [doi: 10.3238/arztebl.2017.0681] [Medline: 29082858]
71. Irvine AB, Russell H, Manocchia M, Mino DE, Cox Glassen T, Morgan R, et al. Mobile-Web app to self-manage low back
pain: randomized controlled trial. J Med Internet Res 2015 Jan 02;17(1):e1 [FREE Full text] [doi: 10.2196/jmir.3130]
[Medline: 25565416]
72. Carpenter KM, Stoner SA, Mundt JM, Stoelb B. An online self-help CBT intervention for chronic lower back pain. Clin J
Pain 2012 Jan;28(1):14-22 [FREE Full text] [doi: 10.1097/AJP.0b013e31822363db] [Medline: 21681084]
73. Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods 2007 May;39(2):175-191. [doi: 10.3758/bf03193146] [Medline: 17695343]
74. SchmerzLOS e.V. URL: https://www.schmerzlos-ev.de/ [accessed 2020-02-14]
75. MyHandicap. URL: http://www.myhandicap.ch [accessed 2020-02-14]
76. Paincompanion. URL: https://www.paincompanion.com [accessed 2020-02-14]
77. Radbruch L, Loick G, Kiencke P, Lindena G, Sabatowski R, Grond S, et al. Validation of the German version of the Brief
Pain Inventory. J Pain Symptom Manage 1999 Sep;18(3):180-187 [FREE Full text] [doi: 10.1016/s0885-3924(99)00064-0]
[Medline: 10517039]
78. Pfingsten M, Nagel B, Erich O, Seemann H, Lindena G, Korb J. Handbuch Deutscher Schmerz-Fragebogen. Deutschland:
Deutsche Schmerzgesellschaft e.V; 2015.
79. Basler H, Herda C, Scharfenstein A. Marburger Fragebogen zum habituellen Wohlbefinden. Diagnostische Verfahren zu
Lebensqulität und Wohlbefinden 2003;13:385-391. [doi: 10.1007/s004820050216]
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e15806 | p. 20http://mhealth.jmir.org/2020/4/e15806/
(page number not for citation purposes)
Hauser-Ulrich et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
80. Schwarzer R. Modeling Health Behavior Change: How to Predict and Modify the Adoption and Maintenance of Health
Behaviors. Appl Psychol 2008 Jan;57(1):1-29. [doi: 10.1111/j.1464-0597.2007.00325.x]
81. Munder T, Wilmers F, Leonhart R, Linster HW, Barth J. Working Alliance Inventory-Short Revised (WAI-SR): psychometric
properties in outpatients and inpatients. Clin Psychol Psychother 2010;17(3):231-239. [doi: 10.1002/cpp.658] [Medline:
20013760]
82. van der Heijden H. User Acceptance of Hedonic Information Systems. MIS Quart 2004;28(4):695-704. [doi:
10.2307/25148660]
83. Kamis A, Koufaris M, Stern T. Using an Attribute-Based Decision Support System for User-Customized Products Online:
An Experimental Investigation. MIS Quart 2008;32(1):159-177. [doi: 10.2307/25148832]
84. Krol MW, de Boer D, Delnoij DM, Rademakers JJDJM. The Net Promoter Score – an asset to patient experience surveys?
Health Expect 2015 Dec;18(6):3099-3109. [doi: 10.1111/hex.12297] [Medline: 25345554]
85. Mayring P. Qualitative Content Analysis. Forum Qual Soc Res 2000;1(2):20. [doi: 10.17169/fqs-1.2.1089]
86. Mayring P. Qualitative Inhaltsanalyse. In: Flick U, v.Kardoff E, Keupp H, Rosenstiel L, Wolff S, editors. Handbook
Qualitative Forsch Grundlagen Konzepte Methoden Anwendungen München. Weinheim, Germany: Beltz; 1991:209-213.
87. Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol 2006 Jan;3(2):77-101. [doi:
10.1191/1478088706qp063oa]
88. Mallinckrodt CH, Clark WS, David SR. Accounting for dropout bias using mixed-effects models. J Biopharm Stat
2001;11(1-2):9-21. [doi: 10.1081/BIP-100104194] [Medline: 11459446]
89. Siddiqui O, Hung HMJ, O'Neill R. MMRM vs. LOCF: a comprehensive comparison based on simulation study and 25
NDA datasets. J Biopharm Stat 2009 Feb 12;19(2):227-246. [doi: 10.1080/10543400802609797] [Medline: 19212876]
90. Cohen J. Statistical Power Analysis. Curr Dir Psychol Sci 2016 Jun 24;1(3):98-101. [doi: 10.1111/1467-8721.ep10768783]
91. Hamilton DF, Lane JV, Gaston P, Patton JT, Macdonald DJ, Simpson AHRW, et al. Assessing treatment outcomes using
a single question: the net promoter score. Bone Joint J 2014 May;96-B(5):622-628. [doi: 10.1302/0301-620X.96B5.32434]
[Medline: 24788496]
92. Reeves B, Nass C. The media equation: how people treat computers, television, and new media like real people and places.
1. paperback ed. Stanford, CA: CSLI Publ; 1998.
93. Pereira J, Díaz O. Using Health Chatbots for Behavior Change: A Mapping Study. J Med Syst 2019 Apr 04;43(5):135.
[doi: 10.1007/s10916-019-1237-1] [Medline: 30949846]
94. Atay C, Ireland D, Liddle J, Wiles J, Vogel A, Angus D, et al. Can a Smartphone-Based Chatbot Engage Older Community
Group Members? The Impact of Specialised Content. Alzheimers Dement 2016 Jul 01;12:P1005-P1006. [doi:
10.1016/j.jalz.2016.06.2070]
95. Griol D, Molina J. In: Bajo J, Hallenborg K, Pawlewski P, Botti V, Sánchez-Pi N, Duque Méndez ND, et al, editors. An
Ambient Assisted Living Mobile Application for Helping People with Alzheimer. Cham: Springer International Publishing;
2015:3-14.
96. Beun R, Brinkman W, Fitrianie S, Griffioen-Both F, Horsch C, Lancee J, et al. Persuasive Technology. In: Meschtscherjakov
A, De Ruyter B, Fuchsberger V, Murer M, Tscheligi M, editors. Improving Adherence in Automated e-Coaching. Cham:
Springer International Publishing; 2016:276-287.
97. Dubosson F, Schaer R, Savioz R, Schumacher M. Going beyond the relapse peak on social network smoking cessation
programmes: ChatBot opportunities. Swiss Med Informatics 2017 Sep 20;33:00397. [doi: 10.4414/smi.33.00397]
98. Lisetti C, Amini R, Yasavur U. Now All Together: Overview of Virtual Health Assistants Emulating Face-to-Face Health
Interview Experience. Künstl Intell 2015 Mar 31;29(2):161-172. [doi: 10.1007/s13218-015-0357-0]
99. Inkster B, Sarda S, Subramanian V. An Empathy-Driven, Conversational Artificial Intelligence Agent (Wysa) for Digital
Mental Well-Being: Real-World Data Evaluation Mixed-Methods Study. JMIR Mhealth Uhealth 2018 Nov 23;6(11):e12106
[FREE Full text] [doi: 10.2196/12106] [Medline: 30470676]
100. Fadhil A, Gabrielli S. Addressing challenges in promoting healthy lifestyles: the al-chatbot approach. In: Proceedings of
the 11th EAI International Conference on Pervasive Computing Technologies for Healthcare - PervasiveHealth '17.: ACM
Press; 2017 Presented at: 11th EAI International Conference on Pervasive Computing Technologies for Healthcare –
PervasiveHealth '17; 2017; Barcelona p. 261-265. [doi: 10.1145/3154862.3154914]
101. Kowatsch T, Nissen M, Chen-Husan S, Rüegger D, Volland D, Filler A, et al. Text-based Healthcare Chatbots Supporting
Patient and Health Professional Teams: Preliminary Results of a Randomized Controlled Trial on Childhood Obesity. In:
Persuasive Embodied Agents for Behavior Change. 2017 Presented at: 17th International Conference on Intelligent Virtual
Agents; August 27-30, 2017; Stockholm. [doi: 10.3929/ethz-b-000218776]
102. Kowatsch T, Volland D, Shih I, Rüegger D, Künzler F, Barata F, et al. A design and evaluation framework for digital health
interventions. Inform Technol 2017;61(5-6):253-263. [doi: 10.1515/itit-2019-0019]
103. Cheng A, Raghavaraju V, Kanugo J, Handrianto Y, Shang Y. Development and evaluation of a healthy coping voice
interface application using the Google home for elderly patients with type 2 diabetes. : IEEE; 2018 Presented at: 2018 15th
IEEE Annual Consumer Communications & Networking Conference (CCNC); January 12-15, 2018; Las Vegas, NV p.
1-5. [doi: 10.1109/ccnc.2018.8319283]
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e15806 | p. 21http://mhealth.jmir.org/2020/4/e15806/
(page number not for citation purposes)
Hauser-Ulrich et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
104. Kobori Y, Osaka A, Soh S, Okada H. MP15-03 Novel application for sexual transmitted infection screening with an AI
chatbot. J Urol 2018 Apr;199(4S):e189-e190. [doi: 10.1016/j.juro.2018.02.516]
105. Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing evaluation reports of
Web-based and mobile health interventions. J Med Internet Res 2011 Dec 31;13(4):e126 [FREE Full text] [doi:
10.2196/jmir.1923] [Medline: 22209829]
106. Ly KH, Ly A, Andersson G. A fully automated conversational agent for promoting mental well-being: A pilot RCT using
mixed methods. Internet Interv 2017 Dec;10:39-46 [FREE Full text] [doi: 10.1016/j.invent.2017.10.002] [Medline: 30135751]
107. Gardiner PM, McCue KD, Negash LM, Cheng T, White LF, Yinusa-Nyahkoon L, et al. Engaging women with an embodied
conversational agent to deliver mindfulness and lifestyle recommendations: A feasibility randomized control trial. Patient
Educ Couns 2017 Sep;100(9):1720-1729. [doi: 10.1016/j.pec.2017.04.015] [Medline: 28495391]
108. Haug S, Schaub MP, Venzin V, Meyer C, John U, Gmel G. A pre-post study on the appropriateness and effectiveness of
a Web- and text messaging-based intervention to reduce problem drinking in emerging adults. J Med Internet Res
2013;15(9):e196 [FREE Full text] [doi: 10.2196/jmir.2755] [Medline: 23999406]
109. Tropea P, Schlieter H, Sterpi I, Judica E, Gand K, Caprino M, et al. Rehabilitation, the Great Absentee of Virtual Coaching
in Medical Care: Scoping Review. J Med Internet Res 2019 Oct 01;21(10):e12805 [FREE Full text] [doi: 10.2196/12805]
[Medline: 31573902]
110. Montenegro JLZ, da Costa CA, da Rosa Righi R. Survey of conversational agents in health. Expert Syst Appl 2019
Sep;129:56-67. [doi: 10.1016/j.eswa.2019.03.054]
111. Laranjo L, Dunn AG, Tong HL, Kocaballi AB, Chen J, Bashir R, et al. Conversational agents in healthcare: a systematic
review. J Am Med Inform Assoc 2018 Sep 01;25(9):1248-1258 [FREE Full text] [doi: 10.1093/jamia/ocy072] [Medline:
30010941]
112. Kocaballi AB, Berkovsky S, Quiroz JC, Laranjo L, Tong HL, Rezazadegan D, et al. The Personalization of Conversational
Agents in Health Care: Systematic Review. J Med Internet Res 2019 Nov 07;21(11):e15360 [FREE Full text] [doi:
10.2196/15360] [Medline: 31697237]
113. Provoost S, Lau HM, Ruwaard J, Riper H. Embodied Conversational Agents in Clinical Psychology: A Scoping Review.
J Med Internet Res 2017 May 09;19(5):e151 [FREE Full text] [doi: 10.2196/jmir.6553] [Medline: 28487267]
114. Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med 2016 Dec 13;7(2):254-267. [doi:
10.1007/s13142-016-0453-1] [Medline: 27966189]
115. Sieverink F, Kelders SM, van Gemert-Pijnen JEWC. Clarifying the Concept of Adherence to eHealth Technology: Systematic
Review on When Usage Becomes Adherence. J Med Internet Res 2017 Dec 06;19(12):e402 [FREE Full text] [doi:
10.2196/jmir.8578] [Medline: 29212630]
116. Lin J, Baumeister H, Lücking M, Ebert D, Buhrman M, Andresson G. Wirksamkeit und Kosteneffektivität einer begleiteten
und unbegleiteten online-basierten Akzeptanz und Commitment Therapie für chronische Schmerzenine drei-armige
randomisierte, kontrollierte Studie. Freiburg: Albert-Ludwigs-Universität Freiburg; 2017.
117. Fayaz A, Croft P, Langford RM, Donaldson LJ, Jones GT. Prevalence of chronic pain in the UK: a systematic review and
meta-analysis of population studies. BMJ Open 2016 Jun 20;6(6):e010364 [FREE Full text] [doi:
10.1136/bmjopen-2015-010364] [Medline: 27324708]
118. Bundesamt FSB. Schweizerische Eidgenossenschaft. 2017. Die Bevölkerung der Schweiz 2017 URL: https://www.
bfs.admin.ch/bfs/de/home/statistiken/bevoelkerung/stand-entwicklung/bevoelkerung.assetdetail.6606496.html [accessed
2019-07-17]
119. Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, et al. The effectiveness of mobile-health technology-based health
behaviour change or disease management interventions for health care consumers: a systematic review. PLoS Med
2013;10(1):e1001362 [FREE Full text] [doi: 10.1371/journal.pmed.1001362] [Medline: 23349621]
120. Lavrakas P. Encyclopedia Of Survey Research Methods. Thousand Oaks, CA: Sage Publications, Inc; 2008.
Abbreviations
ANOVA:  analysis of variance
BPI:  Brief Pain Inventory
CBT:  Cognitive Behavior Therapy
CRPS:  complex regional pain syndrome
DRKS:  German Clinical Trial Register
DSF:  Deutscher Schmerzfragebogen (German Pain Survey)
HAPA:  Health Action Process
KEK-ZH:  Kantonale Ethikkommission Zürich (Cantonal Ethics Committee of Zurich)
LMM:  Linear Mixed Model
MFHW:  Marburger Fragebogen zum habituellen Wohlbefinden (Marburger Survey of Habitual Well-being)
SELMA:  painSELfMAnagement chatbot
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e15806 | p. 22http://mhealth.jmir.org/2020/4/e15806/
(page number not for citation purposes)
Hauser-Ulrich et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
TBHC: Text-based healthcare chatbot
WAI-SR: Working Alliance Inventory-Short Revised
WHO: World Health Organization
Edited by G Eysenbach; submitted 09.08.19; peer-reviewed by T Janmohamed, A Kocaballi; comments to author 30.09.19; revised
version received 01.12.19; accepted 26.01.20; published 03.04.20
Please cite as:
Hauser-Ulrich S, Künzli H, Meier-Peterhans D, Kowatsch T
A Smartphone-Based Health Care Chatbot to Promote Self-Management of Chronic Pain (SELMA): Pilot Randomized Controlled
Trial
JMIR Mhealth Uhealth 2020;8(4):e15806
URL: http://mhealth.jmir.org/2020/4/e15806/
doi: 10.2196/15806
PMID:
©Sandra Hauser-Ulrich, Hansjörg Künzli, Danielle Meier-Peterhans, Tobias Kowatsch. Originally published in JMIR mHealth
and uHealth (http://mhealth.jmir.org), 03.04.2020. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is properly cited. The
complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and
license information must be included.
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 4 | e15806 | p. 23http://mhealth.jmir.org/2020/4/e15806/
(page number not for citation purposes)
Hauser-Ulrich et alJMIR MHEALTH AND UHEALTH
XSL•FO
RenderX
